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A vehicular control with differential wheel speed 
(0 input senses and operates with differential rotation of 
O wheel speeds and uses information obtained from 
^individual wheel speed sensors (14) to control steer- 
Qing and'or suspension systems of a vehicle. 
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VEHICULAR CONTROLLER WITH DIFFERENTIAL WHEEL SPEED INPUT 



This inv ntion relates to a vehicular controller 
which may be employed to control an adjustable 
steering gear and/or one or more adjustable sus- 
pension units. A vehicular controller according to 
the present invention calculates and utilizes dif- 
ferential wheel speed in a control algorithm. 

Variable assist power steering systems have 
been used by automotive designers to provide 
adaptive steering in which the amount of assistance 
provided to the vehicle's driver is controlled as a 
function of vehicle speed. U.S. Patents 4,408,673, 
4,499.964 disclose systems in which boost is pro- 
vided to the steering gear only when the vehicle is 
standing still or moving slowly. This type of system 
suffers, unfortunately, from the inability to provide 
steering assistance at higher vehicle speeds. Al- 
though the provision of boost at high vehicle 
speeds is generally taught to be undesirable due to 
the loss of road "feel", power assist is sometimes 
beneficial, such as when the driver must make a 
sudden lane change maneuver, or when a tire 
deflates explosively. Thus, it would be desirable to 
provide a steering boost control system which is 
responsive to both driver inputs as well as inputs 
from the roadway and the vehicle. 

A plurality of systems has been proposed for 
controlling steering boost as a function of a plural- 
ity of inputs other than vehicle speed. U.S. Patent 
4,602.695. for example, discloses a control device 
for a power steering apparatus in which an average 
steering angle value and average velocity value are 
used as inputs for power steering control. 

U.S. Patents 4.476.529 and 4,621.327 disclose 
systems in which vehicle velocity and detected 
steering torque are used as input variables to con- 
trol power steering assist. U.S. Patent 4,580.651. 
on the other hand, discloses a power assist steer- 
ing system in which only the turning torque input to 
the steering system by the driver is sensed and 
fed back to the steering gear in the form of greater 
or lesser levels of steering assist 

U.S. Patents 4.541.499 and 4,619.338 disclose 
power steering assist systems in which boost is 
varied as a function of vehicle speed and angular 
velocity of the steering wheel. These systems are 
unable to detect conditions in which steering assist 
should remain at a high level notwithstanding the 
absence of steering wheel movement or the pres- 
ence of higher vehicle speeds. If, for example a 
vehicle is being driven continuously in a circle, 
such as is th case when a vehicle is op rated in 
an expressway interchange, the vehicle's speed 
may be great and the steering wheel angular ve- 
locity may be vanishingly small. Nevertheless, a 
moderate level of steering boost may be desirable. 



The systems of the '499 and '338 patents, will be 
incapable of supplying boost under this condition. 

U.S. Patent 4,629.025 discloses a system in 
which steering boost is varied as a function of 

5 vehicle speed and steering wheel angular velocity 
and position. As wfth the other systems which 
utilize steering wheel angular velocity or position as 
independent variables, a separate steering wheel 
sensor must be provided at added cost. A vehicular 

70 controller according to the present invention may 
be utilized, to control steering assist without the 
necessity of a separate steering sensor. 

U.S. Patent 4,387,782 discloses a system in 
which wheel speed sensors comprising a compo- 

15 nent part of an anti-lock brake system are em- 
ployed for the purpose of signaling when the ve- 
hicle's speed has exceeded a lower threshold val- 
ue. This system is thus intended to supply steering 
boost only at low vehicle speeds. 

20 U.S. Patent 4.651.290 discloses a system in 

which data from a single vehicle speed sensor is 
employed as a control element for various other 
vehicle systems including suspension and steering 
systems. The system of the '290 patent does not 

25 utilize data relating to the differential rotational 
wheel speed of more than one road wheel. Accord- 
ingly, such system cannot respond to many of the 
vehicular operating conditions the present system 
is intended to interpret and respond to. 

30 A vehicular controller having differential wheel 
speed inputs according to the present invention 
may advantageously be employed for controlling 
not only a steering system, but also an adjustable 
suspension system. U.S. Patent 4,621,833, which is 

35 assigned to the assignee of the present invention, 
discloses an example of a system for operating an 
adjustable suspension unit The system of the '833 
patent utilizes information including vehicle veloc- 
ity, steering wheel angular velocity, and steering 

40 system position, inter alia, for determining the pres- 
ence of appropriate conditions for shifting adjust- 
able suspension units from a soft to a firmer damp- 
ing setting, and vice-versa. As with the system of 
the '833 patent the present system is intended to 

45 be useful with a class of adjustable suspension 
units generally represented by the disclosure of 
U.S. Patent 4,313,529, which is hereby incorpo- 
rated by reference into this specification. 

A plethora of automotive designers has con- 

50 c iv d a larg number of control systems for op- 
erating adjustable suspension units as a function of 
various operating variables. In addition to thos 
recited previously in connection with the previous 
discussion of the '833 patent, supra , independent 
variables for controlling suspension units have in- 



2 



3 



EP 0 296 756 A2 



4 



eluded brake operation, engine throttle application, 
sensed lateral acceleration, predicted lateral accel- 
eration, fin ar acceleration, sensed road conditions, 
and yet oth r vehicular and environmental con- 
ditions. Finally, U.S. Patent 4,361.346 discloses the 
use of differential wheel speed as an independent 
variable for inhibiting the adjustment of vehicular 
ride height when a vehicle is cornering. 

It is an object of the present invention to pro- 
vide a vehicular controller which utilizes differential 
wheel speed as an independent variable to control 
boost provided to a steering gear and/or the damp- 
ing or other operating characteristic of an adjust- 
able suspension unit 

It is an advantage of the present invention that 
a vehicular controller according to this invention will 
be capable of controlling a steering system and/or 
a suspension unit without the necessity of a dis- 
crete steering sensor. 

It is yet another advantage of the present in- 
vention that a vehicle equipped with a controller 
according to this invention will provide enhanced 
handling in the event that one of the tires of the 
vehicle deflates explosively. 

It is yet another advantage of the present in- 
vention that a vehicle equipped with a controller 
according to this invention will provide enhanced 
handling in the event that the vehicle is operated 
such that the tires of the vehicle are simultaneously 
operated on surfaces having different coefficients 
of friction, such as when one side of the vehicle 
drops off a paved roadway onto an unpaved shoul- 
der. 

It is yet another advantage of the present in- 
vention that a vehicle equipped with a controller 
according to this invention will provide enhanced 
handling in the event that the vehicle is operated 
such that the tires of the vehicle are simultaneously, 
operated on a surface having an unvarying coeffi- 
cient of friction, but where the tires behave dif- 
ferently due to such conditions as differing inflation 
pressure, differences in tire quality, wheel slip, road 
surface quality, or other factors. 

It is yet another advantage of the present in- 
vention that a vehicle equipped with a controller 
according to this invention will provide enhanced 
handling in the event that the vehicle is operated in 
a rapid lane change maneuver. 

It is yet another advantage of the present in- 
vention that a vehicle equipped with a controller 
according to this invention will be able to measure 
the coefficient of friction of road surfaces by de- 
tecting and measuring the value of differential rota- 
tional velocity betw en driv n and undriven road 
wheels. 

A vehicular controller according to the present 
invention may be used for controlling both an ad- 
justabl ste ring gear and on or mor adjustable 



suspension units. The controller preferably includes 
first adjustment means for controlling at least one 
operating characteristic of a steering gear and may 
include second adjustment means for controlling at 

5 least one op rating characteristic of one or more 
adjustable suspension units. The controller further 
comprises sensing means for detecting the rota- 
tional velocity of at least two roadwheels of a 
vehicle and control means operatively associated 

to with the first and second adjustment means and 
the sensing means, with the control means com- 
prising means for determining the differential rota- 
tional velocity between the roadwheels and for con- 
trolling the first and second adjustment means ac- 

75 cording to the differential velocity. The first adjust- 
ment means may comprise either means for ad-, 
justing the force produced by the steering gear or 
means for adjusting the ratio of the steering gear. 
Alternatively, the first adjustment means may com- 

20 prise means for adjusting both the steering gear's 
force output and ratio. 

The second adjustment means may comprise 
means for adjusting damping forces produced by 
each of the suspension units or spring forces pro- 

25 duced by each of the suspension units. 

A vehicular controller according to the present 
invention may further comprise means for deter- 
mining the absolute velocity of the vehicle as well 
as means for controlling first and second adjust- 

30 ment means according to the absolute velocity, 
whereby a steering gear and suspension units may 
be controlled not only as a function of differential 
rotational velocity but also as a function of absolute 
vehicle velocity. A vehicular controller according to 

35 the present invention may further comprise means 
for determining a position at which a steering gear 
is, operated and for controlling said first and sec- 
ond adjustment means according to the steering 
gears' position, whereby the steering gear and sus- 

40 pension units will be controlled not only as a func- 
tion of differential rotational velocity of two or more 
wheels, but also as a function of the position of the 
steering gear. 

A power steering system for a vehicle having 

45 two or more wheels according to the present inven- 
tion comprises a steering gear, adjustment means 
for augmenting the steering force produced by the 
steering gear, sensing means for detecting the 
rotational velocities of at least two of said road- 

50 wheels, and control means, operatively associated 
with said sensing means, and said adjustment 
means, and comprising means for determining the 
differential rotational velocity between said road- 
whe is and for controlling said adjustment means 

55 according to said differ ntial velocity, whereby the 
augmenting fore provided by the adjustment 
means will be controlled as a function of said 
drff r ntial rotational velocity. A power steering sys- 
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tem according to this invention may further com- 
prise means for determining the rate at which the 
steering gear is operated and for controlling the 
adjustment means according to the steering gear's 
operational rate, whereby the augmenting force 5 
provided by said adjustment means will be con- 
trolled not only as a function of differential rota- 
tional velocity of the velocity roadwheels but also 
as a function of said steering gear rate. A control 
means utilized with the power steering system ac- w 
cording to the present invention preferably further 
comprises means for determining a position at 
which the steering gear is operated and for control- 
ling the adjustable means according to such posi- 
tion, whereby the augmenting force provided by is 
the adjustable means will be controlled not only as 
a function of said differential roadwheel rotational 
velocity but also as a function of said steering gear 
position. 

A power steering system according to the 20 
present invention preferably further comprises 
means for determining absolute velocity of the ve- 
hicle and means for operating said adjustment 
means according to said absolute velocity, where- 
by the augmenting force provided by said adjust- 25 
ment means will be controlled not only as a func- 
tion of differential roadwheel rotational velocity, but 
also as a function of said absolute vehicle velocity. 

A power steering system according to present 
invention may further comprise means for deter- 30 
mining the position at which the steering gear is 
operated and for controlling the adjustment means 
according such position, whereby the augmenting 
force provided by said adjustment means will be 
controlled not only as a function of differential 35 
roadwheel rotational velocity but also as a function 
of the position of the steering gear and the ab- 
solute vehicle velocity. 

In one embodiment, a power steering system 
for a vehicle having two or more wheels according 40 
to the present invention comprises hydraulic pump 
means, valve means for controlling the output of 
the hydraulic pump means, a hydraulic power de- 
vice adapted to be connected with the hydraulic 
pump means so as to be supplied with pressurized *s 
hydraulic fluid for augmenting the steering force 
produced by the steering system, sensing means 
for detecting the rotational velocities of at least two 
of the roadwheels, and control means operatively 
associated with the sensing means and the valve so 
means, with the control means comprising means 
for determining the differential rotational velocity 
between the roadwheels and for controlling the 
valve m ans according to this differential velocity, 
wh reby th augmenting fore provided by the 55 
hydraulic power device will b controlled as a 
function of the differential roadwheel rotational ve- 
locity. A pow r steering system according to this 



invention may further comprise means for deter- 
mining the absolute velocity of the vehicle and 
means for operating the valve means according to 
an absolute velocity, whereby the augmenting force 
provided by the hydraulic power device will be 
controlled not only as a function of the differential 
rotational velocity but also as a function of the 
absolute vehicle velocity. 

In another embodiment, a power steering sys- 
tem according to the present invention for a vehicle 
having two or more wheels may comprise a steer- 
ing gear, adjustment means for changing the ratio 
of the steering gear, sensing means for detecting 
the rotational velocities of at least two said road- 
wheels and control means operatively associated 
with the sensing means and with the adjustment 
means, with the control means comprising means 
for determining the differential rotational velocity 
between the roadwheels and for operating the ad- 
justable means according to said differential ve- 
locity, such that the ratio of the steering gear will 
be controlled as a function of the differential road- 
wheel rotational velocity. The control means ac- 
cording to this invention may further comprise 
means for determining the absolute velocity of the 
vehicle and means for operating the adjustment 
means according to the absolute velocity, such that 
the ratio of the steering gear will be controlled not 
only as a function of differential rotational velocity 
but also as a function of absolute vehicle velocity. 
According to the present invention, an adjustment 
means may be employed for changing both the 
ratio of the steering gear and for augmenting the 
steering force produced by the steering gear. The 
ratio of the steering gear and the magnitude of the 
augmenting force may be controlled not only as a 
function of the differential rotational velocity but 
also as a function of absolute vehicle velocity. 

The invention will now be described further by 
way of example, with reference to the accompany- 
ing drawings in which: 

Figure 1 is a perspective drawing of a motor 
vehicle incorporating the present invention. This 
figure shows some of the various components of 
the system embodying the present invention. 

Figure 2 is an overall system block diagram 
in accordance with an embodiment of this inven- 
tion. 

Figure 3 is a block diagram showing a por- 
tion of a microprocessor of Figure 2. 

Figure 4 is a logic flow block diagram in 
accordance with an embodiment of this invention. 

As shown in Rgure 1, a vehicle, 10, equipped 
with a controller according to the present invention 
includes a plurality of roadwheels, 12, in this case 
four in number, with ach roadwh el having an 
associated speed sensor. 14. The details a variabl 
reluctance electronic sensor assembly suitable for 
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practicing the present invention and which has had 
previous usag in an anti-lock brak system on 
vehicles built by Ford Motor Company ar shown 
in Ford Motor Company Shop Manual for 1985 
mod I Continental and Mark VII vehicles at page 
12-294. Those skilled in the art will appreciate in 
view of this disclosure, moreover, that other types 
of rotational roadwheel velocity sensors commonly 
in use with various types of anti-lock braking sys- 
tems, or yet other types of roadwheel velocity 
sensors may be employed as a component part of 
a system according to the present invention. 

Signals from speed sensors 14 are transmitted 
to control module 16. The control module operates 
upon data received from the wheel sensors and 
interacts with steering gear, 18, and hydraulic 
pump, 20. 

As shown in greater detail in Figure 2. control 
module 16 may interact not only with speed sen- 
sors 14, steering gear 18. control valve 19, which is 
representative of a class of hydraulic power de- 
vices, and steering pump 20, but also with suspen- 
sion actuators 22 and steering sensor 24. Exam- 
ples of suspension actuators and a steering sensor 
are disclosed in U.S. Patent 4,621,833. which is 
hereby incorporated by reference within this speci- 
fication. U.S. Patent 4,557,342. which is similarly 
incorporated by reference into this document, dis- 
closes a hydraulic apparatus having a valve ar- 
rangement which is representative of the type of 
valves suitable for use with the present invention. 

The connections in Figure 2 between control 
module 16 and suspension actuators 22 and steer- 
ing sensor 24 are shown with dotted lines inas- 
much as the present invention may be implement- 
ed to control a steering system alone without con- 
trolling a suspension actuator. Moreover, the sys- 
tem may be employed to control a steering gear 
without using a separate steering sensor. As yet 
another alternative, the present controller could be 
employed to operate one or more suspension units, 
without having any interaction with the steering 
system of the vehicle. 

Processing of the signals received by control 
module 16 from speed sensors 14 will be ex- 
plained with the aid of Figure 3. Signals from each 
of the speed sensors are fed to a separate am- 
plifier, 26, which saturates the sinusoidal output of 
the sensor into a square wave. Only a single sen- 
sor 14 and amplifier are shown in Figure 3. 

Those skilled in the art will appreciate in view 
of this disclosure that a decision to employ an 
amplifier in a system according to the present 
invention will depend upon considerations relating 
to the particular architecture of the system, includ- 
ing but not limited to the type of sensors used and 
th type of microprocessor. In any event, signals 
passing from the amplifier move to the HSI (High 



Speed Input) change detector 32. The change de- 
tector, serves to control th amount of data imping- 
ing upon the system by indicating the occurrence 
of events from each particular speed sensor 14. 

s The chang detector's operation is controlled 
through HSI mode register 28 whose value is pro- 
grammed via software through central processor 
42. HSI mode register 28 dictates the condition 
when the value of timer 34 and the status of the 

10 change detector 32 should be stored into a record- 
ing First In, First Out Register (FIFO) 40 and alerts 
CPU 42 of the occurrence of the specified event by 
signalling an interrupt. The HSI Time Register 38 
allows the CPU to accept the recorded timer 34 

rs value from the FIFO, while HSI status device 36 
allows the CPU to obtain the present and recorded 
change detector 32 status from the FIFO. In a 
preferred embodiment, change detector 32 could 
be directed to record the passage of every positive 

20 and negative input transition (or every zero cross- 
ing), every positive input transition (or every sec- 
ond zero crossing), or every eighth positive transi- 
tion (or every 16th zero crossing) depending upon 
the frequency of the pulse train. Those skilled in 

25 the art will appreciate that the frequency of the 
pulse train generated by a conventional wheel ve- 
locity sensor is directly proportional to the rota- 
tional speed of the wheel. 

The purpose of recording the status of change 

30 detector 32 and timer 34 upon occurrence of a 
specified event is to provide information about 
which HSI caused the recording of the change 
detector status and the time at which the recording 
was made as a time reference. When two time 

35 recordings have been made for an HSI. the input 
frequency calculation can be carried out in the 
central processor 42. which performs the calcula- 
tion by taking into account the time required for a 
particular number of transitions, or zero crossings 

40 to be sensed by the change detector 32, the incre- 
menting rate of timer 34 and difference between 
the recorded values of timer 34. This information 
yields a frequency value which is easily converted 
into a wheel velocity reading. 

45 Those skilled in the art will appreciate in view 
of this disclosure that central processor 42 and its 
associated peripheral equipment could be struc- 
tured according to several of the known architec- 
tures. In a preferred embodiment, however, the 

so processor is configured so that a control program 
is sequentially read from each unit command from 
a read-only memory (ROM), which stores preset 
control programs. Unit commands are executed by 
central processor 42. The syst m will also pref r- 

55 ably comprise an Input/Output ("I/O") device, which 
will s rve to connect th balance of the micropro- 
cessor with the other components of the system 
such as suspension actuators 22, steering sensor 
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24, speed sensors 14, and valve 19. Substantially 
ail of the components shown in Figure 3 with the 
exception of the speed sensor and amplifier 26 
would be lodged within, and comprise an integral 
part of, a microprocessor such as the model 8096 
made by the Intel Corporation. 

Operation of a system according to the present 
invention will now be explained with reference prin- 
cipally to Figures 2 and 4. As shown in Figure 4. 
the microprocessor within control module 16 be- 
gins a control sequence at start block 46. At block 
48 the absolute and differential rotational velocities 
of the vehicle's roadwheels are determined. De- 
pending upon the needs of the individual vehicular 
control system, this differential rotational velocity 
could comprise, for example, the greatest differ- 
ence between any two of the rotational velocities 
and/or accelerations calculated by the microproces- 
sor from the signals received from speed sensors 
14. Alternatively, the calculated velocities of each 
of the wheels could be averaged arithmetically and 
the differential rotational velocity could be set equal 
to the greatest difference between said arithmetic 
average and each of the individual wheel speeds 
and/or accelerations. In any event once the micro- 
processor has determined an appropriate differen- 
tial rotational velocity value in block 48, the com- 
puter transfers to block 50. wherein absolute ve- 
hicle velocity is determined. This absolute vehicle 
velocity could comprise, for example, the arithmetic 
average of each of the individual wheel velocities, 
or some other measure of vehicle velocity. 

As shown in Figure 4, a system according to 
the present invention may optionally include hard- 
ware for controlling one or more suspension ac- 
tuators (see Figure 2). If such is the case, at block 
52 the microprocessor will determine an appro- 
priate suspension actuator position and move the 
actuator to the new position. An appropriate sus- 
pension actuator position could be based upon 
differential rotational velocity, or upon absolute ve- 
hicle velocity, or both. As yet another option ac- 
cording to the present invention, the suspension 
actuator could be controlled with an additional input 
relating to steering gear position and/or operating 
rate. Differential rotational velocity of the road- 
wheels may be employed to control the suspension 
units as follows. In the event, for example, that the 
differential rotational velocity of two wheels on the 
same axle or at the same end of a vehicle exceeds 
a predetermined threshold value, this will indicate 
the presence of either a turning maneuver, or some 
other condition in which a particular setting for 
suspension actuator may be desirable. Thus, high- 
er differential rotationaJ velocity between one or 
more wheels may* indicate a loss of tire pressur 
(i.e., a blowout), in which case it may be desirable 
to increase or decreas ither the spring force or 



the damping rate of the suspension unit or both. 
Similarly, the event that a steering gear position 
sensor indicates the steering gear has been rotat d 
to such a position which will normally yield a turn, 

5 but if, for some reason the vehicle does not turn, 
as shown by a low magnitude differential rotational 
velocity, it may be desirable in this event as well to 
change either the spring force or damping rate or 
both of one or more suspension units. This type of 

70 vehicle behavior may be indicative of such con- 
ditions as an icy road, or low tire pressure, or a 
dragging brake, or some other abnormal condition 
of either the road or the vehicle. 

Continuing with the main algorithm in Figure 4, 

rs after determining the best suspension actuator po- 
sitions and setting the suspension accordingly, the 
computer transfers to block 53 where the steering 
gear position, turn rate and vehicle lateral accelera- 
tion can be determined arithmetically by the micro- 

20 processor based upon the difference in rotational 
velocities between the right side and left side road- 
wheels. The program then continues to block 56 
wherein the microprocessor calculates the desired 
instantaneous steering boost This instantaneous 

25 steering boost value could, for example, comprise 
a boost value equal to a basic amount predicated 
upon the absolute vehicle velocity, and additive 
amounts based upon the determined differential 
rotational velocity, steering gear position, turn rate 

30 and lateral acceleration. In other words, given the 
forward velocity of the vehicle, a desired steering 
boost level may be established initially, with the 
initially established boost level modified according 
to the information determined from differential rota- 

35 tional velocities of the roadwheels. This will allow 
additional boost to be furnished in the event that 
differential rotational velocities reach a magnitude 
indicative of such maneuvers as high speed lane 
changing, high speed cornering, or other types of 

40 driving activity. 

At block 58. the computer arithmetically aver- 
ages the instantaneous required steering boost val- 
ue determined in block 56 with a value which 
approximates the desired steering boost to be ap- 

45 plied by pump 20 and valve 19 to steering gear 18 
(Figure 3). It has been determined that it is gen- 
erally desirable to decrease steering boost as a 
function of time when levels of greater assist are 
not required. It necessarily follows that constant k 

so (block 58) must have a value less than unity. Those 
skilled in the art will appreciate in view of this 
disclosure that constant k could comprise either a 
fixed numerical constant or a function such as a 
logarithmic or other mathematical function. By 

55 choosing an appropriate math maticaj functional for 
k, it is possible to smoothly increase and decrease 
ste ring boost with r spect to time. According to 
this scheme, during a highway lane change man u- 
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ver, for example, a differential rotational velocity 
will be produced between the left and right side 
roadwheels which will dictate a higher level of 
instantaneous steering assist for the given vehicle 
velocity. This instantaneous assist amount will be 
arithmetically averaged into the value which repre- 
sents the desired steering boost based on the 
value of k. The function which dictates the value of 
k will control the rate at which the steering assist 
will increase to the desired boost amount because 
of the lane change. Once the lane change is com- 
pleted and the need for a higher level of assist no 
longer exists, the microcomputer will calculate a 
lower value for the required instantaneous steering 
assist possibly a new value for k, and begin to 
decrease the desired steering boost value toward 
the lower value of instantaneous steering assist. 
During this particular maneuver, the steering assist 
provided by pump 20. which is controlled through 
value 19 will increase the rate described by the 
function of k and then eventually decrease at the 
rate described by the value of k. It should be 
understood that the value of k may not necessarily 
be constant throughout the entire maneuver. 

The program flow continues to block 62 where 
the steering assist control actuator, valve 19, is 
adjusted to either increase, decrease or hold con- 
stant the amount of steering assist. After accom- 
plishing that task, the program returns to the start 
block 46 of which the entire program will be re- 
peated. 

In addition to setting the boost level at blocks 
60 and 62. the microprocessor may also alter the 
ratio of the steering system. As yet another alter- 
native, a system recording to the present invention 
could be utilized to control only the ratio of the 
steering system. An example of a hydraulic appara- 
tus for turning a steerable vehicle wheel at varying 
rates and in effect, at varying ratios, is disclosed in 
U.S. Patent 4,557,342 which is hereby incorporated 
by reference within this specification. Accordingly, 
not only the ratio of the steering gear but also the 
magnitude of the augmenting force may be con- 
trolled not only as a function of differential rota- 
tional velocity but also as a function of absolute 
vehicle velocity. 

A system according to the present invention is 
advantageous because it has the capability to con- 
trol steering system boost and/or steering system 
ratio, as well as suspension unit spring force and/or 
damping force without the necessity of a discreet 
steering sensor. Because a system according to 
the present invention is responsive to differential 
wheel speed, this syst m will provide enhanced 
vehicle handling in the event that on of the tires of 
the vehicle deflates explosively. This enhanced 
handling capability results from the fact that steer- 
ing boost may be increased rapidly in th event 



that the rolling radius of a wheel decreases rapidly 
(i.e., when a blowout occurs). Increased steering 
boost will enable the driver to control the vehicle 
safely. Further, at the option the system designer, 

5 the blowout phenomenon may be met with a 
change in the suspension unit spring rates and/or 
damping forces. Yet another advantage of the 
present invention resides in the fact that if a vehicle 
so-equipped is operated on a surface having mul- 

70 tiple coefficients of friction as would be the case 
when the vehicle is driven either on a partially iced 
surface or halfway upon the shoulder of a road, the 
varying coefficients of friction will be revealed by 
differential rotational velocities of the roadwheels 

75 and the vehicle's suspension units and steering 
system may be adjusted accordingly in order to 
maintain optimum vehicle control and handling 
characteristics. 

Various modification and variations will no 

20 doubt occur to those skilled in the arts to which this 
invention pertains. For example, the computer ar- 
chitecture described herein may be modified ac- 
cording to the individual needs of the system being 
designed. This and all other variations which ba- 

25 sically rely on the teachings with which this disclo- 
sure has advanced art are properly considered 
within the scope of this invention as defined by the 
independent claims. 

30 

Claims 

1 . A power steering system for a vehicle hav- 
ing two or more wheels (12), comprising, a steering 

35 gear (18). adjustment means (19.20) for controlling 
at least one operating characteristic of said steering 
gear, sensing means (14) for detecting the rota- 
tional velocities of at least two of said wheels (12), 
and control means (16). operatively associated with 

40 said sensing means (14) and said adjustment 
means, comprising means for determining the dif- 
ferential rotational velocity between said wheels 
and for controlling said adjustment means accord- 
ing to said differential velocity. 

45 2. A system according to Claim 1 , wherein said 
adjustment means is arranged for augmenting the 
steering force produced by said steering gear and 
the augmenting force provided by said adjustable 
means will be controlled as a function of said 

so differential rotational velocity. 

3. A system according to Claim 1 , wherein said 
control means further comprises means for deter- 
mining the rate at which said steering gear is 
operated and for controlling said adjustment means 

55 according to said rate, whereby the augmenting 
force provided by said adjustment means will be 
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controlled not only as a function of said differential 
rotational velocity, but aJso as a function of said 
rate. 

4. A system according to Claim 1, wherein said 
control means further comprises means for deter- 
mining the position at which said steering gear is 
operated and for controlling said adjustment means 
according to said position, whereby the augmenting 
force provided by said adjustment means will be 
controlled not only as a function of said differential 
rotational velocity, but also as a function of said 
position. 

5. A system according to Claim 1. wherein said 
control means further comprises means for deter- 
mining the absolute velocity of said vehicle and 
means for operating said adjustment means ac- 
cording to said absolute velocity, whereby the aug- 
menting force provided by said adjustment means 
will be controlled not only as a function of said 
differential rotational velocity, but also as a function 
of said absolute vehicle velocity. 

6. A power steering system according to Claim 
5, wherein said control means further comprises 
means for determining the position at which said 
steering gear is operated and for controlling said 
adjustment means according to said position, 
whereby the augmenting force provided by said 
adjustment means will be controlled not only as a 
function of said differential rotational velocity, but 
also as a function of said position and said ab- 
solute vehicle velocity. 

7. A power steering system according to Claim 
2, wherein said adjustment means includes hydrau- 
lic pump means and a hydraulic power device 
adapted to be connected with said hydraulic pump 
means so as to supply pressurized hydraulic fluid 
for augmenting the steering force produced by said 
steering system. 

8. A system according to Claim 1 , wherein the 
adjustment means is arranged for changing the 
ratio of said steering gear and the ratio of said 
steering gear will be controlled as a function of said 
differential rotational velocity. 

9. A system according to Claim 8. wherein said 
control means further comprises means for deter- 
mining the absolute velocity of said vehicle and 
means for operating said adjustment means ac- 
cording to said absolute velocity, whereby the ratio 
of said steering gear will be controlled not only as 
a function of said differential rotational velocity, but 
also as a function of said absolute vehicle velocity. 

10. A system according to Claim 1, wherein the 
adjustment means is arranged for changing the 
ratio of said steering gear and for augmenting the 
steering force produced by said steering gear and 
the ratio of said ste ring gear and said augmenting 
force will be controlled as a function of said dif- 
ferential rotational velocity. 



11. A system according to Claim 10, wherein 
said control means further comprises means for 
determining the absolute velocity of said vehicle 
and m ans for operating said adjustment means 

s according to said absolute velocity, whereby th 
ratio of said steering gear and said augmenting 
force will be controlled not only as a function of 
said differential rotational velocity, but also as a 
function of said absolute vehicle velocity. 

io 12. A vehicular controller for controlling both an 
adjustable steering gear and one or more adjust- 
able suspension units, comprising, first adjustment 
means for controlling at least one operating char- 
acteristic of said steering gear, second adjustment 

75 means for controlling at least one operating char- 
acteristic of said suspension units, sensing means 
for detecting the rotational velocities of at least two 
roadwheels of said vehicles, and control means 
operatively associated with said first and second 

20 adjustment means as well as with said sensing 
means, with said control means comprising means 
for determining the differential rotational velocity 
between said roadwheels and for controlling said 
first and second adjustment means according to 

25 said differential velocity. 

13- A vehicular controller according to Claim 
12, wherein said first adjustment means comprises 
means for adjusting the force produced by said 
steering gear. 

30 14. A vehicular controller according to Claim 
12.wherein said first adjustment means comprises 
means for adjusting the ratio of said steering gear. 

15. A vehicular controller according to Claim 12 
wherein said first adjustment means comprises 

as means for adjusting the force produced by said 
steering gear as well as the ratio of said steering 
gear. 

16. A vehicular controller according to Claim 12 
wherein said second adjustment means comprises 

40 means for adjusting damping forces produced by 
each of said suspension units. 

17. A vehicular controller according to Claim 
12,wherein said second adjustment means com- 
prises means for adjusting spring forces produced 

45 by each of said suspension units. 

18. A vehicular controller according to Claim 
12, wherein said second adjustment means com- 
prises means for adjusting damping forces and 
spring forces produced by each of said suspension 

so units. 

19. A vehicular controller according to Claim 
12, wherein wherein said control means further 
comprises means for determining the absolute ve- 
locity of said vehicle as well as means for control- 

55 ling said first and s cond adjustment m ans ac-. 
cording to said absolute velocity, wher by said 
steering gear and said suspension units will be 
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controlled not only as a function of said diff rental 
rotational velocity, but also as a function of said 
absolute v hide velocity. 

20. A power steering system according to 
Claim 12. wher in said control m ans further com- 5 
prises means for determining the position at which 
said steering gear is operated and for controlling 
said first and second adjustment means according 

to said position, whereby said steering gear and 
said suspension units will be controlled not only as w 
a function of said differential rotational velocity, but 
also as a function of said position. 

21. A vehicular controller for controlling one or 
more adjustable suspension units, comprising: 

adjustment means for controlling at least one 15 
operating characteristic of said suspension units; 

sensing means for detecting the rotational 
velocities of at least two roadwheels of said vehicle; 
and 

control means operatively associated with said 20 
adjustment means as well as with said sensing 
means, with said control means comprising means 
for determining the differential rotational velocity 
between said roadwheels and for controlling said 
adjustment means according to said differential ve- 25 
locity. 

22. A vehicular controller according to Claim 
21, wherein said adjustment means is utilized to 
control the damping forces produced by said sus- 
pension units. 30 

23. A vehicular controller according to Claim 
21. wherein said adjustment means is utilized to 
control the spring forces produced by said suspen- 
sion units. 

24. A vehicular controller according to Claim 35 
21, wherein said control means further comprises 
means for determining the absolute velocity of said 
vehicle as well as means for operating said adjust- 
ment means according to said absolute velocity, 
whereby said suspension units will be controlled 40 
not only as a function of said differential rotational 
velocity, but also as a function of said absolute 
vehicle velocity. 
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